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COMBIIWYl!IONSATA MACHNUMKEROF

By DonaldE. Coletti

suMMARY

ANDPITCBZNG

ANDBODY

1.62

investigationwasmadeat a Machnumberof1.62ofa seriesof
triangularwingandbodycombinationsto determinetheinterferencelift,
drag,andpitchirigmoment.

.
Themodelsconsistedof a seriesof sevenflat-platetriangular

wingsofvaryingscalein combinationwitha bodyoffinenessratio10.27.
——

- Fourwingshadhalf-apexanglesof 30°whiletheremainingthreehad
half-apexanglesof45°.

.
Theresultsoftheinvestigationindicatedthatinterferencebetween

thewingandbodygavea increaseinliftoverthatofa tingsada body
alonebutattheexpenseofmoredrag. lirberferencealsogavereductions
inpositivepitchingmoments.Theeffectofa Reynoldsnumbervariation
onthelift,drag,andpitchingmomentofthewinginthepresenceof
thebodywasgenerallysmall.In general,goodpredictionsoftheinter- —
ferenceliftsandpitchingmomentsonthebodyduetothewingsd on
thewingsdueto thebodywereobtainedbythemethodspresentedinNACA -
RM A51J04andNACARM A52B06eventhoughsomeofthepredictionsforthe
wing-bodycombinationsandforthewingsinthepresenceofthebodywere
somewhathigh.

INTRODUCTION

Inrecentyearsconsiderableefforthasbeendevotedtothestudy
ofthebeneficialordetrimentaleffectsofwing-body-tailinterference
onvariousaircraftandmissileconfigurationsat subsonic,transonic,
andsupersonicspeeds.A compilationofmuchofthepastworkrelating
to thissubjectcanbe foundinreference1. Morerecently,additional
workhasbeenpresentedinreference2 onthecomparison
ret,icalsadexperimentalinterferencepressurefieldsof

betweentheo-
a rectangubx
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.
wing andbodycombinationat supersonicspeeds.Thetheoreticalanalysis
hadbeenpresentedinan ealierreport-(ref.3),andcomparisonswere
madeofthisanalysisandothertheoreticalmethods(listedinrefs.1 .
and2). Thetheoryofreference3, ingeneral.,agreedwellwiththe
experimentalresults.Additionalinterferencedatahavealsobeen
obtainedfora seriesofrectangdarwingandbodycombinationsat sQer-
sonicspeeds(ref.4);inthisinvestigationassessmentsweremadeofthe
varioustheoreticalmethcdsforthepredictionofinterferencelift. The
resultsshowedthatthemethodsofreference5 gavesatisfactorypre-
dictionsoftheliftofthewinginthepresenceofthebdy, thewing
duetothebody,andthebodyduetothewing.

Thepresentreportispartofa generalprogrsmintheLangley
g-inchsupersonictunnelto determinetheeffectsoftriangularwingplan
formsonwing-baiyinterference.Theresultspresentedhereinwere
obtatiedata Machnumberof--1.62,withen@asisuponlift-andpitching-
momentinterference,althoughdrag-interferenceresults‘areincluded.
Theinvestigationinvolveda seriesof sevenflat-platetriangularwings
ofvaryingsizehavingbeveledleadingandtrailingedgesin combination
withonestandardbodyofrevolutionhavinga finenessratioof10.27. .

Fourofthewingshadhalf-apexanglesofi30°withan exposedaspect
ratioof2.3whiletheremainingthreehadhalf-apex-es of4.5°with .
an exposedaspectratioof4.

a sngleofattack

b totalwingspan

Cr wingrootchord

SYMB9LS

ofbody

E mesnaerodynamicchord

% liftcoefficient,Lift/qS

CD dragcoefficient,Drag/qS

Cm pitching-momentcoefficientabout~ percentmeanaerodynamic
chord,Moment/qSC

Cx longitudinal-forcecoefficientforexposedwinginpresence
ofbody, X/qS

A

●
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mimbnumdragcoefficient

lift-curveslopebasedonmaximum

pitching-moment-curveslopebased
areaandmaximumbodydiameter

minimumdragcoefficientbasedon

bodydismeter

maximumbodydiameter

singleofwingincidence

totalbodylength

Machnumber

finenessratio,L/D

bodyfrontalarea

on~um bodyfrontal

maximumbodyfrontalarea

-—-——

forebodylengthfromnoseto @nctureofbodysadleadingedge
ofwingrootchord

half-apexangleofwingleadingedge -

-c pressure,pv2/2,

stres.mdensity

Reynoldsnumber,pva/~ .—

exposedwingarea

msximumwingthickness .——

streamvelocity
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x longitudinalforce,positiverearwsrd

x longitudinalcoordinatefromnoseofbody

v coefficientofviscosity

NACARML55B25

A.C. aercdac-center positionrelativeto ~ percentmean
aercxiynsmicchord,positiveforward

Configurationidentification:

B bcdyalone

w exposedwingalone

m Wing @ baiyin CaibiIIatiOn

W(B) winginpresenceofbody

Derivedmeasurements:

b(w) interferenceon

w(b) interferenceon

bodyduetow5mg= WB-~(B)+lij

wingduetobody= W(B)- W

APPARATUSANDTESTS

Tunnel

TheLangleyg-inchsupersonictunnelisa closed-throat,
return,continuous-uperatingtunnelinwhichthetestsection

.

“

.-

—.

single-
isapprox~

.

.

imately9 bches squ&e. DifferenttestWch numbersareachievedtlimugh
theuseof interchsmgeablenozzleblocks.Elevenfine-meshturbulence-
dampingscreensareinstalledinthesettliagchaniberaheadofthesuper-
sonicnozzle.Thepressure,temperature,andhwiditycanbe controlled
duringthetunneloperation.

Thebasicmodels
anda seriesof seven

Models

consistedofa bodyhavinga finenessratioof1..O.27
flat-platetriangularW*S ofvaryingphn-form

scaleratioshavingbeveledleadingandtrailingedges.Fourofthewings
hadhalf-apexanglesofno (exposedaspectratioof2.3)whilethe
remainingthreehadhalf-apexanglesof45° (exposedaspectratioof4). “
%ble I givesthebcdycoordinatesandwing-shapeparameters.A sketch

.
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. ofa typicaltriangularwingmountedonthebdy is showninfigure1,
anda photographofallthemodelsincludingthesevenwingstestedin
thepresenceofthebody,thebcdy,andthetwowingstestedalone(sting.
mounted)isshowninfigure2.

An illustrationshowbghowwingsinthepresenceofthebcdyare
interchangedis showninfigure2 ofreference4..However,forsomeof
thewingsofthisinvestigation(wings1,2, 3,5,and6 . seefig.2),
slotshadtobe cutinthefozviardandrearcenterofthewingsto fit
thebody. Theseslotswerecutsuchthata smallgapexistedbetween
thewingsndbody,therebyinsuringa freefloatingwing. Theprobable “_
effectofthegaptillbe discussedinmoredetailina latersection. -.

13alinces

A strain-gagebalancemountedinsidethebodywasusedto obtain
thellft,drag,andpitchingmomentofthewingsinthepresenceofthe
body. Thehousingcontainingthisinternalbalancewasclosedoffat
themodelandstingbasestopreventanyflowofairthroughthehous~. atthesepoints.Fora detaileddescriptionofthebalance,see
reference4. .-

.
Thelift,drag,andpitchingmomentoftheseventriangularwing

andbodycotiinations,ofthebodyalone,andofthetwowingsalonewere
obtainedby an externalbaknce system.Thevsriousconfigurationswere
sting-mountedto a systemof self-babncingbeamscales.A detailed
descriptionoftheinstallationofthetestmodelsandtheelhination
ofthetareforces~ alsobe foundinreference4.

-.
—

Tests

Testswereconductedata MachrmmiberofL62. Measurementswere
madeoflift,drag,sndpitchingmomentaboutthewing~ percentmean
aer&@amicchordforthewingsalone,bodyalone,wingsinthepresence
ofthebdies,andthewing-bdycadinations.Reynoldstiers ofthe
testsbasedonthewingmeanaerodynamicchordvariedfromO.30x 106
to 2.1OX 106. (Fora detailedlistofReynoldsnranbersforthevarious
wings,seetableII.) Theangleofattackofeachconfigurationwas
indicatedona scale,graduatedindegrees,by meansofa lightbeam
reflectedfroma smallmirrormountedflushontherearofthebdy and
onthestinginthecaseofthewingalone.Therangeofangleofattack
wasapproximate~*6°.

- Throughoutthetests,thedewpointinthetumnelwasmaintainedat
a levelwherecondensationeffectswouldbe negligible. —,-

.
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PRECISIONOFDATA .

Theprecisionofthevariousquantitiesinvolvedinthetestingis
listedintable11. Thisextensivetableresultsfrmnthechangeinthe
accuraciesofthecoefficientswithwingconfiguration.It isunder-
standsblethatfora givenuncertaintyofa particularquantity,the
accuracyofthecoefficientderivedfromthisquantitywouldbe a func-
tionofthe S and ~ values.At thelowerReynoldsnumberstheaccu-
raciesof someofthemeasuredquantities(seeblanksintableII)were
insufficientto obtainreliableinterferencequantities.Thismy be
attributedtothelowloadsonthemodelanditscomponentsatthelower
Reynoldsnumbersandto theaccuracyoftheexternalbalancesystemat
thetimeofthesetests.Thepresenttestsweresomeofthefirstto
utilizetherecentlyinstalledsix-componentexternal--balancesystem;
consequently,theimprovedaccuracynowapplicableto thesystemand
resultingfrommcxlificationstothebalances@sequenttothetestsof
thisinvestigationwaslacking.Theestimateduncertaintiesina given
quantityobtainedfromthestrain-gagebalsmce(winginthepresenceof
thebody)wereccaibinedby themethd whichisbasedonthetheoryof
least-squaresoutlinedinreference6. X’orthecasewheretheprecision -
varieswiththelift,theaccuracywasdeterminedattheapproximateend
oflinearityofthelift. .

Theaccuracyofthestreamkch mmiberrepresentsa maximumvar-
iationabouta meanMachnumberthroughoutthetestsection.

PRE-TION OF

Infigures3 to18,theaer~c
and ~ ofthewingsalone,bodyalone,

DATA

characteristics~, ~, Cx,
T&’&!andtdy in c@binati~,

andwingsinthepresenceofthebodyarepresentedasa functionof
angleofattack.Allthecoefficientsarebasedontheexposedwing
areaoftheparticularconfiguration.SincetheReynoldsnuuibersvary
botliwiththewingsandwithtunnelstagnationpressure,they(Reynol&
nunibers)aregiveninthefigures.

Theresultsthatarepresentedforthewinginthepresenceofthe
bdy andthewing-bcdycombinationwere.obtainedusingfreefloating
wingsanda gapofapproxhately0.003inchbetweenthewingandbody.
Thisgapsizeisbelievedtohavehadnegligibleeffectontheaerody-
namicforces;thisbeliefisbasedontheinformationpresentedIn
reference7. An examinationwasmadeofthegapeffectonthevsrious
coefficientsusingwing1 sinceithadthelongestrunninggaplengthof -
anyofthewings.Thevaluesobtainedforwing1 fromthecurvesof

.

-*
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. reference7 wereof almostthesamemagnitudeasthosefora no-gapcon-
figuration(fromref.7, also).Theoreticalanalysisofreference7
furthershowsthatviscouseffectsplaya veryimportantpartinreducing-
undesirablegapeffectson configurationshavingverysmallgaps. Although
no experimentalevidenceisavailableinthepresentinvestigationor in
reference7, itisbeliev-dthattheboundarylayerbetweenwingandbody
completelyenclosesthegapto suchanextentthatanycross-floweffects
throughthegapwould,accordingto thecriteriaofreference7,be
negligible. ,.

DISCUSSIONOFRESULTS
WingAlone,General —

Lift-curveslopes,pitching-mo~nt-curveslopes,andminimumdrags
ofthewingsalonewereobtainedby testingonewingfromeachgroupof
wingshavinghalf-apexanglesof 30°and45°. Thesetwowingswere
testedovera rangeofReynoldsnumbersequivalentto thatwhichwould
be obtainedifwings1 to 7 weretested.Wings2 and6 wereselected
sincetheirscalefactorsweresuchthatequivalentReynoldsnumbers
couldeasilybe obtainedwithinthelimitsofthetunneloperation.The
Reynoldsnumberswereobtainedby vsrylngthetunnelstagnationpressure.
It isrealizedthatthethicknessratiosofwings2 and6 (wingalone,
tableI)do notcorrespondto sJJ-ofthethicknessratiosofwingsfrom1
to 7 (seetableI). Therefore,someofthemimlmumdragscannotbe com-
pareddirectlyevenforequivalentReynoldsnumbers.Correctivemeasures_
werenotmadeto thedatawithregardto thethickness-ratioeffect;dis-
cussionsconcerningthiswillbepresentedin latersections.Thelift,
drag,sndpitching+nomentcoefficientsofwings2 and6 arepresentedin
figures17 and18,respectively,as functionsof angleof attackfor
variousvaluesofReynoldsnuuibers.Lift-curveslopes,pitching-moment-
curveslopes,andminimumdragsareshowninfigure19 forwings2 and6.
Thecoefficientscorrespondingta theReynoldsnumbersof@gs 1 to 7
obtainedfromthefairedcurvesoffigure19aretabulatedintableIII.

WinginthePresenceoftheBody,
ReynoldsNuniberEffect

TheeffectofReynoldsnmber ontheaerodynamiccharacteristics
forthewingsinthepresenceofthebodyis sh&n infigure20. It iS
seenthat,fortheconfigurationsinvestigated,theliftincreaseswith
increasingReynoldsnumberforanyonewing. Thissmallincreasein
liftisprobablydueto a decreasein separationatthewingtrailing
edgeandbodyjunctureingoingfroma lowto a highReynoldsnuuiier.

—

It is furtherseenthatastheReynoldsnumberisincreased,thepitching
momentdecreasesslightlyforanyonewing. Thiscouldalso=cate a

a decreasingregionof separationwithincreasingReyaol.dsnumber,andin
turncausea slightresrwsrdshiftoftheaerodynamiccenter.It is,of

. course,realizedthatthisslightdecreaseofpitchingmoment~ notbe
toosignificant(particularlyfor e = 30°)sinceforsomewingsthis
decreaseisoftheorderoftheaccur~~ofthemeasurements.
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Figure20alsoshowsa smallincreaseindragforanyonewingdue .
toincreasingReynoldsnuniberformostofthewingsinthepresenceof
thebcdy. Thisincreaseindragisapparentlyduetoan increasein
skinfrictionsincetheReynoldsnumbersofthesewingsareprobablyin

.

thetransitionsregionbetweenthe~ andturbulentboundarylayer.
It isfurtherseenfrcmfigure20,thatthesmallerwingsgenerallyhave
higherdragcoefficientsthsmthehrgerwings.Thisis,at leastin
part,dueto theticreaseinwavedragthatresultsfromincreasing
thicknessratiowithdecreasingwingsize(seetableI andfigure2).
A stistantiationofthiswasmadeby usinganapproxhationinvolving
ratiosof (t/c*)forthewings.

BasicQuantitiesforInterferenceEvaluation

Figures21and22 show,forconfigurationsinvolvhgwd.ngshaving
E .300 ~ds= 45°,respectively,thevariationoflift-curveslope,
pitching-mmnent-curveslope,andmirdmumdragvalueswithratiosof b/D
forthewingandbodyin combinationWB,winginthepresenceofthe
body W(B),bcdyaloneB, d thewingaloneW. Inthesesamefigures, .
comparisonsaremadebetweenexperimentandtheoryofsaneofthecon-
figurationsad coefficients.Theexperimentalquantitiesaretaken
directlyfromthecurvesinfigures3 to 19. Thecoefficientsofthe
wingsandbodyalonearebasedontheexposedwingareaanderepresented -
asfunctionsof b/D forconsistencepurposesandfortheconvenienceof
comparisonwiththeremainingconfigurations.

~. - Thetheoreticalliftsforthewingsalonewereobtainedfrom
reference8. Brown’stheorywasusedforthesubsonic-leading-edgewing
(~.30° showninfig.21)andAckeret’sresultwasusedforthe
supersonic-leading-edgewing(E-.45° showninfig.22). Thetheoretical
values,whilesomewhathigherthanthoseobtainedexperimentally,are,
nevertheless,infairagreementwiththeexperimentalvalues.

Sincelineartheorypredictsthecenterofpressureatthecentroid
oftheareaor50percentmeanaerodynamicchord,thetheoreticalpitching
momentis zeroforthisinvestigation.

g. - Thetheoreticalliftsandpitchingmomentsforthebodyalone
wereobtainedfromthetheorypresentedinreference9. As seenfrcanthe
figures,thistheoryegreessatisfactorilywiththeexperimentalresiilts.

W(B).-Themethodsforpredictingtheliftsandpitchingmomentsof
thewingsinthepresenceofthebodyarefomd inreferences5 andlo.
As seenfromfigures21and22,theagreementofthemethodswiththe
expertientalresultsisfairfortheliftsandgoodforthepitching A
moments.Sincethemethodf-obtainingtheforceonthewinginthe
presenceofthebodyiscalculatedas a percentageoftheforceonthe .

~“-” —----#
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. wingalone,betteragreementcouldbe expectedifthepredictionsofthe
wing-aloneforceswereimproved.In engineeringapplicationsifexperi-
mentalwing.almeresultswereavailabletheseshouldbe usedindeter-.
miningtheforcesandmomentsofthewinginthepresenceofthebody.

Theminimumdragcoefficientsforallthewingsinthepresenceof
thebody,showninfigures21and22,donottakeintoaccount,theeffects
dueto thedifferentthiclmessratio.If theseeffectswereconsidered,
it isprobablethatthetrendofdragswouldparallelthatforthewings
aloneingoingfroma lowto a high b~. It isobviousthenthatthe
interferencedragonthewingdueto thebodywouldalsobe affected.

wB.-Thecomparisonsbetweentheexperimentalliftsandpitching
momen~forthewing-bodyccaibinationsandthemethodspresented~ ref- __
erences5 and10sreinbetteragreementthanaresimilarcomparisons
forthewingsinthepresenceofthebody. As seeninfigures21and22
thedifferencesbetweentheexperimentalandthepredictedliftsforthe
wingsinthepresenceofthebodyareslightlylargerthanarethosefor
thew- andbodyconibinations.Thecalculatedforcesandmomentsfor
thewing-bcdycombinationswereobtainedinthesamemanneras werethose
“forthewingsin thepresenceofthebcdy,namely,a percentageofthe
forcesonthewingalone.

.

.

InterferenceQuantities

General..-Theinterferenceonthebodyduetothewingis obtained
by subtractingtheforcesonthewinginthepresenceofthebodyand
bodyalonefromthatofthewing-bcdyconibination;thatis,

b(w)= WB -F(B)+ B]. ~ likemanner,theinterferenceonthewingdue
to thebodyisthedifferencebetweentheforcesonthewinginthe
presenceofthebdy andonthewimgaloneinfreestream;thatis,
w(b)=W(B) -W. .

A smmationoftheinterferencequantitiesforthebodydueto the
wing b(w) andthewingdueto thebody w(b) ispresentedas a function
of b/D infigure23and ~/D infigure24 fortheseriesofthewigg
andbodycmibina.tims.~ figures23(a)and23(b),thevaluesarebased
on.thee~osedwingareasincethemethodsofreferences5 and10forthe
predictionsoftheinterferencequantitiesbasethecoefficientsonthe
areaofthee~osedwing. Infigures23(c)and23(d)andfigures24(a)
and2k(b),thevaluesarebasedon themaxtiumbodyfrontalareamd max-
imumbodydismeter.Ifdifferencesbetweentheinterferenceforceson the
bodydueto thewingsretobe explatiedforthevariousw.tng-bodycombi-

. nations,it isunderstandablethaterroneousconclusionscouldbe made
concerningsomeof thequantitieswiththecoefficientsbasedon the
exposedwingsxea. Forthisreason,discussionsconcerningtheeffects

—

. ....—-.- —
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betweenthevariouswing-bodycadxlnaticmswillbe confinedto coef- .

ficientsbasedonmaximumbodyfrontalareaandmaximumbodydismeter
forthecaseofthebodydueto thewingsmdon~osed wingareafor
thecaseofthewingduetothebody.

.

Lift,b(w).-A comparisonbetweentheexperimental.liftonthe
bodyduetothewingwiththe.theoreticalmethcdisshowninfigure23(a). -
Theagreementisgoodconsideringthatthepredictionoftheabsolute
valuesforthe W, W(B),and WB Weresomewhathigh.As seenfromthis
figure,theliftdecreasesiithincreasingb~ orexposedwingarea;
however,whenthevaluesarebasedona ccmmonarea(seefigs.23(c)
and24(a)),theinterferenceliftincreaseswithincreasingwhg size
aswouldbe expected.Fromfigure25,theinterferenceliftonthe
bdy dueto thewingisseentobe predominatelythatwhichcamiesover
fromthewingtothebodybetweentheMachhelicesemanatingfrcmthe
leading-andtrailing-edgeroot-chcmdJunction.Figure25 alsoindicates
thatwithdecreasingwingscale,theareauponwhichthisinterference
liftactsdecreases,resultinginlessinterferencelift.From
figure24(a),theliftonthebodyduetothewingforanygiven ~ D

/is lessforconfigurationswithwingshavinge . 300 thanforthose
havingE = 450. Thisisappsrenlilydueto thefactthatthehigher
liftforthesupersonic-leading-edgewing(ascomparedwiththatfor
thesubsonic-leading-edgewing)carriesoverontothebody.

Inadditiontothispositivecarryoverlift,an inducednegative
lift,createdby thevortexactionofthewing,actsontheafterbody.
Sincetherewereno definiteresultsinthepresentinvestigationpointtng
to thisinducednegativelift,itisprobablethatthisliftrepresents
a smallpercentageofthetotalinterference.Thiswasalsofoundtobe
theconditionthatexistedfortherec&mgularwingsinreference4.

It is ofinterssttopointoutthedivergenceoftheliftsin
figure24(a)forconfigurationswithwingshaving~ = 30°and45° in
goingfrcmahightoa low ~/D. Theexactcauseofthisdivergenceis
--j however,itmightbe duetovorticityeffectsamdupwasheffects
onthewingsfromthenoncylindricalportionsofthebody.

Pitchingmoment,b w).-Figure23(a)showsthattheagreement
betweentheexpertientalandtheoreticalpitchingmomentfortheb~y
duetothewingisgoodatthehighvaluesof b/!Dbut pooratthelow
valuesof b~. Someofthispooragreementatthelowvaluesof bfi
maybe duetothelowaccuracyoftheexperimentalmeasurementsforthe
smallerwings.(See,forexample,wing4 intableII.)

Withreferencetothesketchesinfigure25,thewing-rootlift
carryoverontothebodyactsbehindthecenterofgravitysothata
negativepitchingmomentis obtained.Thisisshownexperimentallyin

.

*m’mmqp
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. figures23 d 24. It isfurtherseenthatmorenegativepitchingmoment
isobtainedwithdecreasingwingsizewiththeexceptionofthetwo
smallestwings.Inthesecases,themomentsbecomelessnegativethan.
thatestablishedby thetrendsoftheother@rigs.Thisisbecausethe
coefficientsarebasedonthemsximumbalydiameterwhichislargerthan
themeanaerodynamicchordsofthetwowings.

Aerodynsmiccenter,b(w).-As seeninfigure23(a),thetheoretical
aerodynamiccentersareingoodagreementtiththeexperimentalresults
athighvaluesof b~ andinpooragreementat lowvaluesof b/D. The
variationoftheaerod~msmiccenterswith bp showsthatforconfig-
urationshavinge = 45° wings,theinterferenceliftcenterisfarther
resrwardalongthebodythanfor e = 30° configuratims.Iftheaero-
dynamiccenterswereshownas functionsof ~ D values,thereverse

Iwouldbe true.

Drag, b(w).-Whenthecoefficientsarebasedontheexposedwing
areathevariationoftheinterferencedragonthebcdyduetothewjng
decreaseswithincreasingb/D as showninfigure23(a).However,when
thecoefficientsarebasedonthemaximumbodyfrontalarea,thevariation
with bm or cr/D (figs.23(c)*24(a) )isvery nearlyconstant.
Thisagainindicateswhycareshouldbe takenindecidinguponwhatareas

. thecoefficientsaretobe basedsinceerroneousconclusionscouldresult.
An approximationwasmadeofthesktifrictiononthebcdywithand@th-
outa wingby theprocedureusedinreference4. First,itwasassmed
thatthebounckrylsyerwas~ onthebdy aloneattheReynoldsnum-
berofthisinvestigation.Also,itwasassmedthatthewavedragwas
constantregardlessofthetypeofboundarylayer,andthatforthewing-
bodycombinationtheboundary~er changedfromlandnartoturbulenton
thebodyatthetitersectionoftheMachhel.icesemanatimgfranthe
lesiiing-edgeroot-chordjunctures.Theresultsofthisapproximationfor
theincreasetibcdydragdueto increasein skinfrictionindicatedthat
theinterferenceeffectsofthewingupontheminimumbodydragarepre-
dominatelyskin-frictioneffects.

Lift, w(b).-Figure23(b)showsthatgood~eement is obtained
betweentheexperimentalliftontheMng duetothebdy andtheoryeven
thoughthepredictionof theabsolutevaluesforthe W and W(B) were
somewhathigh.Withthecoefficientsbasedontheexposedwingarea
(fig.23(b)), itis seenthathigherId&tcoefficientsareobtainedon
theSmsslerwings.h allprobabilitythisisduetothefactthatmore
oftheareaofthesmallerwingsis inthestrongerupwashfieldof the
bodycomparedwiththatforthelsrgerwings.It isfurtherseenthat,
foranygivenb/D,theinterferenceliftcoefficientisgreaterfor
the e = 450 configurationthanforthe e = 3?00case.Of course.when
thecoefficients
and24(b)),more
wings.

arebasedonthemaximumbody-fronts2srea(figs.~3(d)
positivelk!?tcoefficientsareobtainedfrom thelarger
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Pitchingmcment,w b).-Withconsiderationoftheaccuracy,the .
interferencepitchingmomentof-thewingdueto thebody,forallprac-
ticalpurposes,isnegligibleforconfigurationsinvolvingw~s 3,4, 6, -
and7as shownbyfigures23(b),23(d),and24(b).Forcotiigurations
tivolvingwings1,2, and5 a smaldnegativemomentisobtained.The
causesandeffectsofthesesmallnegativemomentswillbe discussedin
moredetailinthesectiondealingwiththepercentagecontributionsof
thebasicandinterferencequantitiestotheccmpleteconfiguratim.

Aerodynamiccenter,w b .-Theinterferenceaerodynamiccenters
showninfigure23b) followthesametrendsasthepitchingmcunents.
Thelocationoftheinterferenceaerodynamiccentersmaybe explainedby
theconditionsthatforwings1,2,and5 theinterferenceliftcenter
is slightlyrearwardofthecentroidofthewingareas(resultingina
negativepitchingmoment),whereasforwings3,J+,6, and7 theinter-
ferenceliftcenterisverynearlycoincidentwiththecentroidofthe
wingareasorthex percentmeanaerodynamicchord.

%, w(b).-Thetiterferencedragsonthewingsduetotheb&iy
ares~m infigures23(b),23(d),and24(b).However,aswasmentioned
previously,theeffectofwingthicknessratio(whichwasnottakeninto -
accountintheanalysis)wouldalterthevariationofthesedregs.From
esthnationsmadeto accountforthisthiclmess-ratioeffect,theinter-
ferencedragsoffigure23(b)wouldbe changedtogivea morepositive

.

slopeb goingfromlowtohighvaluesof b/D. Inanycase,mostof
thedragisapparentlydueto skin-frictioneffects.

ContributionsoftheBasicandInterferenceQuantities

In orderto assesstherelativeeffectsofeachquantitym the
completeconfiguration,eachofthebasicandinterferencequantities
oflift,pitchingmoment,anddragareshowninfigure26as a function
ofthetotallift,pitchingmoment,auddragofthecompleteconfiguration.
Figure26(a)presentsthefractionalbreakdownofthevariouselementsfor
theconfigurationsinvolvingthewingsof e = 30°;whereasfigure26(b),
theconfigurationsinvolvingthewingsof e = 450. It is seenfrmnthis
figurethattheinterferenceliftonthe w(b) and b(w) isverybene-
ficialfortheconfigurationsinvolvingwingsofi-e = no or45°. Between
a 21-percentand38-percentincreaseinliftcanbe realized,becauseof
interference,overthatwhichcouldbe obtdnedby simplyaddingthelifts
ofthewingaloneandthebodyalone.It isfurtherseen,thatwithina
fewpercent,thepercentageinterferenceliftcontributiononthe b(w)
and w(b) forthe e = 30°and45° configurationsisverynearlyconstant.

Thepitching-mmentcontributionofthevariousliftquantitiesfor .
allthewing-bodycaibinatimsillustratesclearlythattheI&t on
the b(w) actsbe~ thecentroidofthewingareasandthatthemcment
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. isgenerallymorenegativewithdecreasingratiosof b/D. Betweena
13-percentanda 33-percentreductioninpositivepitchingmomentis

. realizedbecauseof interferenceoverthatwhichcouldbe obtainedby
smmingthepitchingmomentsofthewingaloneemdofthebodyalone.
Boththewingaloneandwinginthepresenceofthebdy contributea
positivemoment,showingthattheaerodynamiccenterisaheadofthe
centroidofthewingarea. Thebodymmnentcontributionisby farthe
largestpositivemomentsinceitsaerodynamiccenterisintheregion
ofthenoseofthebody. As wasmentionedearlierin connectiontith
figure23(b),negativeinterferencemomentsonthe w(b) wereobtained
fromconfigurationsinvolvingwings1,2, and5 with b/D ratiosof5.60,
4.58,and7.41,respectively(alsoshowninfig.26). AS seenfrom
figure25,thereappearstobe amassociationofthesenegativeinter-
ferencemomentswiththeMachlinesemanatingfromthejuncturesofthe
wingleadingedgeandthebodyinthatwhentheseWch linescrossthe
wingtrailfngedgesthesenegativeinterferencemcunentsoccur.Forall
practicalpurposes,no interferencemomentsoccurwhentheseMachlines
donotcrossthetrailingedges.A possibleex@anationofthenegative
interferencemomentsmaylieintheinterferenceliftingpressuresat
thejtictureofthe.wingleadingedgeandthebcdycarryingoverthe
bodyalongtheray(orMachlineinfig.25)and&rossingthewing
trailingedge. Thiswouldresultina regionofhigherliftingpressures
thanwouldoccurforthewingalone..

Thefractionalbreakdownofthevariousdrsgquantitiesissomewhat
aswouldbe expected.Thatis,thelow b/D wingsalonecontributea
smallerpercentageofdragtothetotalthando thelargeb~ WingS
alone; whereas,thedragcontributiaofthebodyisthereverse.The
dragsforthe w(b) arepresentedas obtainedfromthetestswithno
correctionsduetothicknessratio.

CONCLUSIONS

An investigationwasmadeoftheinterferenceeffects”ona series
ofsevenflat-platetriangularwingsofvaryingscalein ccmbinatim
witha bcdyhavinga finenessratioof10.27.Fourofthewingshad
half-apexanglesof30°whiletheremainingthree had half-apexangles
of45°. Basicmeasurementsof lift,drag,andpitchingmcmentwere
obtainedforthewing-bodycodxinations,winginpresenceofthebody,
wingalone,andbdy aloneata Machtier of1.62. Interferencelifts,
drags,andpitchingmcznentswereobtainedfromthebasicmeasurements.
Theresultsindicatethat:

. 1. Urterferencegavebetweena 21-percentemd38-percentincrease
in liftoverthatwhichwouldbe obtainedby sumingtheliftsofthe
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wingaloneandofthebodyalone.Thiswasaccompanied
indragdueto skinfriction.Forsaneconfigurations,

by an increase .
a negativeinter-

ferencemcznentwasobtainedonthewingduetothebody. .

2. ThemethodpresentedinNACARMA51J04gavegoodpredictionsof
theinterferenceliftsonthebodyduetothewingandonthewingdue
to thebodyforallconfigurationseventhoughtheliftpredictionsfor
thewing-bcdycombinationsandforthewingsinthepresenceofthebody
weresomewhathigh.

3. bterference
inpositivepitching
thepitchingmcments

gavebetweena 1~-percentanda 33.percentreduction
mcxuentfromthatwhichwouldbe obtainedby summing
ofthewingaloneandofthebodyalone.

4. Thepredictionoftheinterferencepitchingmcaentsonthebqdy
duetcsthewingsusingthemethodinNACAFMA52M6 wasingoodagreement
atthehigherratiosofwfngspantobodydismeterb/D andpoorat the
low b/D ratios.Theexperimentalpitchingmomentsofthewinginthe
presenceofthebodyendwing-bodycombinationswerealsoingoodagree-
mentwiththeabovemethcd.

5.Thetheoreticallif%andpitchingmomentofthebcdyalonepre-
sentedinNACARMA50107agreedwellwiththeexperimentalresults. .

6.Onlyfairagreementwasobtainedbetweentheexperimentallift
ofthewingsaloneandthatpredictedby linesrtheory.Sincethetheo-
reticalliftsofthewingsinthepresenceofthebodysndthewing-bcdy
combinationsarefunctionsofthewing-alonevalues,itisunderstandable
thatthesgreementbetweenexperimentandtheoryforthesetwobasic
quantitiesisalsoonlyfair. .-

7.Withinthelimitsofthisinvestigation,theeffectofvarying
Reynoldsrnmiberuponthelifts,drags,andpitchingmcxnentsforthewings
inthepresenceofthebodywasgeneraUysmall.

8.Theinterferencedregsonthebodyduetothewingswerea Mge
percentageofthetotalwing-bodydregs,whereastheinterferencedrs.gs
onthewingsduetothebodywererelative~smallpercentagesofthe
totaldr%s. Theseinterference
skin-friction&rsgs.

LangleyAeronauticalLaboratory,
NationalAdvisoryComittee

dragswere-probablydueto-changesin

forAeronautics,
LangleyFieid,Vs.,February15,1955.”

---
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